Background. Colorectal cancer (CRC) is the third most common cancer in the world. The cornerstone of CRC treatment is surgical resection. However, patients in the same TNM stage show different recurrence rates and survival. Of patients with a local disease without lymph node or a distant metastasis, 20-25% still develop recurrence. There is evidence that inflammatory reaction is one of the key elements in tumour development.
INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in the world, with approximately one million new cases and 50,000 deaths every year (1) . Although mortality in Europe has decreased by 13% in men and 27% in women during the past two decades (2) , this trend will surely plateau in the near future without serious advances in treatment. The cornerstone of CRC treatment is surgical resection, but despite the efforts of modern surgery, recurrence is possible and metastatic cancers need other modalities to improve survival.
Most CRCs develop from adenomatous polyps in the so-called adenoma-carcinoma cycle, which takes 10-15 years in the case of sporadic cancer (3) . The process starts in the stem cells at the base of intestinal crypts and develops as these cells accumulate genetic mutations (4) . Just a small fraction (5%) of CRCs develop as a hereditary cancer syndrome.
It is proposed that up to 20% of all cancers in humans are a result of chronic inflammation and persistent infections (5) . In this regard, CRCs can be classified as either sporadic, with inflammation following cancer onset, or colitis-associated CRCs, which are induced by chronic inflammation. Two inflammatory bowel diseases, ulcerative colitis and Crohn's disease, have a clear correlation with a significantly increased CRC risk, which indicates the role of chronic inflammation in cancerogenesis (6) . During the whole process of cancerogenesis, the immune system, depending on the type, intensity, and timing of reactions, can either suppress or promote tumour growth (7) .
Up until recently little attention was paid to the local (LIR) and systemic inflammatory reaction (SIR) in the case of cancer. Nowadays, however, there is growing evidence that suggests the inflammatory reaction as one of key elements in tumour development. In recent studies, hallmarks of LIR and SIR have shown superiority in predicting overall survival and recurrence (1) .
MATERIALS AND METHODS
We reviewed literature on colorectal cancer and its relationships with the immune system, with special focus on the local and systemic inflammatory reaction. The Pubmed and ClinicalKey databases were searched using keywords colorectal cancer, local inflammation, systemic inflammation, markers of inflammation. The relevant literature was reviewed and included in the article.
Review of literature
Innate and adaptive immunity Two fundamental components of immune response are innate and adaptive immunity. While these are usually discussed separately, both innate and adaptive immune mechanisms work synergistically to eliminate pathogens and foreign molecules. Several factors of innate immunity have a crucial role in successful function of adaptive immunity, and vice versa (8) .
Innate immunity is the first line of defence and is non-specific, meaning that it will eliminate or limit the threat immediately after contact but will do it in a predefined manner not considering specific antigens of the pathogen, which might not be sufficient. Main cellular elements of the innate immune system are macrophages, dendritic cells (DCs), natural killer (NK) cells, and granulocytes. It also includes bioactive molecules present in biological fluids (either constitutively or following release after cell activation) like the complement system, defensins, cytokines, chemokines, and reactive oxygen species. Finally, part of the innate immune system consists of membrane-bound receptors and cytoplasmic proteins that recognize the so-called pathogen-associated molecular patterns that help to identify and destroy infectious agents (8) (9) . However, the immune system is somehow able to distinguish between beneficial commensal and pathogenic organisms. Therefore, the response that follows recognition can differ depending on other factors (10) . One of the drawbacks of innate immunity is the lack of memory. Reactions are the same after each exposure (11) .
Adaptive immunity, on the contrary, works in a highly specific manner against target antigens and is carried out by T and B lymphocytes and their antigen-specific receptors expressed on the cell surface (8) . However, to provide such a targeted response, clonal expansion of antigen-specific T and B lymphocytes is necessary. Therefore, it might take up to five days to produce enough memory T and B cells to provide a sufficient adaptive response. As opposed to the innate response, adaptive immunity has a memory, so the response is enhanced after repeated exposure (11) . It is worth noting that adaptive immunity is a luxury that only vertebrates possess, so most organisms on our planet have only innate immunity (11) .
Immunosurveillance
The immune response to cancer cells is somewhat similar to the reaction against infectious agents (12) . Innate immune cells such as NK can detect cancer cells by their lack of MHC-I antigen on the cell surface. Following recognition, NK can destroy these cells and produce cytokines and chemokines that attract other innate immune cells, namely DCs and macrophages, which then phagocytose cancer cells and present their antigens on the cell surface to activate specific cytotoxic T cells (T C ) (13) (Fig. 1) .
As it is with most diseases, inflammation in CRC can be both beneficial and harmful. The idea that immunity has protective properties against cancer was first proposed by Ehrlich in 1909. Half a century later, the term immunosurveillance (IS) was used to describe the ability of the immune system to detect cancer cell-specific antigens and eliminate these cells before growth and clinical expression (1, 12) .
Although the existence of IS was initially questioned, clinical evidence that supports this entity comes from immune-deficient patients, for example, patients after organ transplantation (14) . There is a significantly higher incidence of various tumours, including CRC, in this population (1, 12) . The existence and the important role of IS in cancer development has been proven in several animal models with knockout mice (1) .
Besides the NK cells, others are also involved in IS. For example, CD8 + T lymphocytes can directly lyse cancer cells and produce cytotoxic cytokines; CD4 + Th1 lymphocytes can facilitate the reactions of T C lymphocytes. However, besides NK cells, most of the IS agents can also stimulate cancer growth and spread, depending on other cofactors and tumour microenvironment (12) .
These reactions, collectively known as anti-tumour immune response (ATIR), have been extensively studied, and their hallmarks could be used to improve prognostication before and after surgery, or even aid in early diagnosis of colorectal cancer. For example, the extent of tumour infiltrating lymphocytes (TIL) has been shown to correlate with overall survival (OS), with better outcomes noted in high TIL group patients (15) (16) . Patients with CRC have a higher proportion of regulatory T lymphocytes (suppress anti-tumour immunity) in peripheral blood than healthy controls (17) . In addition to prognostic determination, ATIR is a promising target for immunotherapy, as many scientists are trying to find ways to facilitate this natural defence (12) .
Immunoediting and escape
After the concept of IS was developed, additional studies revealed how cancer evades these ATIRs in a process called immune editing. It has three phases: elimination, equilibrium, and escape. In the first phase, IS with innate and adaptive responses eliminates tumour cells and prevents clinical expression (18) . This is the preferred state in which the immune system has control over defective cells and their growth. As this interaction between cancer cells and the immune system moves to the equilibrium phase, defence mechanisms are no longer capable of destroying all the dividing cells but can do enough to prevent expansion and metastasis (12, 18) . The process of tumour development can be halted at the equilibrium phase for a lifetime of the host. However, if the process progresses, tumour cells that are more immunogenic are recognized and eliminated, but those that are able to escape immune detection and elimination are selected and remain resistant against immunity and the disease therefore enters the escape phase (Fig. 2) . In this phase, tumour cells divide in an unrestrained manner in an immunosupressive microenvironment (18) .
Immune escape formation performed by cancer cells are following: (1) cancer cells express macrophage scavenger receptors thus gaining functional and phenotypic characteristics of immune cells; (2) aberrant activation of oncogenic pathways aids in interaction with stromal cells; (3) local production of anti-inflammatory cytokines and metabolites reduces immunogenicity and creates a favourable TMI (19) . Most of CRCs, (around 70%) reduce the expression of MHC-I antigens on the cell surface.
The theory of immune editing has been applied in practice by mice tumour transplant studies. After transplanting tumour from immunodeficient mice into wild type mice, these tumours are more immunogenic (compared to the tumours from wild type mice), because of the lack of prior immune editing and selection for less immunogenic tumour cells (12) . Furthermore, a considerable part of cancers coming from immunodeficient Immune escape is nowadays considered a hallmark of cancer. It must be kept in consideration that nearly all of the knowledge about tumour cell antigens comes from studies of immunoedited cancers in humans and mice, so very little is actually known about their antigen properties prior to this selection process (20) .
Gut microbiota and CRC
A recent theory by Yamauchi et al. proposes that CRCs differ molecularly in various parts of the large intestine and that intestinal microorganisms, along with factors like biochemical substances, epithelial cells, and innate immunity, could have a direct or indirect (via influence on TMI) effect on tumour development (19, 21) .
There is evidence to support the assumption that certain microorganisms can facilitate tumour development or growth by causing chronic inflammatory reaction in the large intestine (6) . One example is Streptoccucus gallolyticus gallolyticus infection, which, if present, corresponds to a 65% probability of colorectal neoplasia (6, 22) . The possible pathogenesis is that CRC precursors, adenomas, create favourable metabolic and nutritional environment for this opportunist, which in return causes chronic inflammatory reaction with high cyclooxygenase-2 (COX-2) expression. COX-2 stimulates epithelial proliferation, neoangiogenesis, and inhibits apoptosis, and is highly expressed in about 85% of CRCs. That is the reason why non-steroidal anti-inflammatory medication has a protective effect in CRC patients. However, tests to determine Streptococcus colonization and facilitate early CRC diagnosis have proven to be of limited value due to low sensitivity of available multi-antigen tests (6).
Pro-tumour immune response
Unfortunately, the immune system has two-sided relationships with cancer, so it not only performs anti-tumour activities, but can also promote tumour growth and spread (12, 23) . The mechanisms by which tumour shifts the activity of the immune system to its favour are numerous and we are only beginning to elucidate them. Some of the ways the immune system stimulates tumour growth and spread are noted in this section. Notably, TAMs, T-regulatory cells (Tregs), myeloid-derived suppressor cells (MDSC), and tumour microenvironment (TMI) have been shown to influence tumour aggressiveness, metastatic spread, and prognosis (1, 12, 23) .
TAMs can be divided in two types -M1 (killer) and M2 (healer) (23) . M1s are classically activated by Th1 cytokines and are involved in the innate immune response, secrete proinflammatory molecules (IL-6, IL-12, IL-23 and TNFα) and facilitate T C lymphocyte functions. M2 TAMs, however, have immune suppressive properties (produce IL-10 and TGFβ) and provide maintenance and repair after damage in healthy tissue. M2 TAMs also attract Tregs that help to create an immunosuppressive environment. M2 TAMs facilitate angiogenesis (produce VEGF and other factors), increase tumour invasiveness by secreting matrix metalloproteases, and sustain chronic inflammation (via COX-2 secretion). It has been shown that TAMs are flexible and can change from M1 to M2 phenotype, and that TMI could shift TAMs to a more favourable M2 phenotype (12, 23) .
There is strong evidence that supports the importance of TMI in directing innate and adaptive immune cells from anti-tumour to pro-tumour functions and activities. This process is called oncotraining. After immune escape, cancer cells that resisted immune elimination create a microenvironment that causes the arriving immune cells to lose their phagocytotic and cytotoxic functions while maintaining other tumour promoting activities, such as tissue repair, stimulation of proliferation, angiogenesis, and epithelial-mesenchymal transition (acquiring invasive, migratory mesenchymal cell phenotype) (23, 24) .
One of the more recently discovered T cell populations, Tregs, play a major role in self-tolerance and prevent hyperactive immune reactions. These cells are characterised by expression of CD4, CD25, and Foxp3, which is a "master regulator" gene vitally important in the development and function of this cell population (25) . Tregs modulate tumour and pathogen-induced immune reactions as well as protect host from developing auto-immune diseases and allergies (1, 25) . With these functions, Tregs can supress activation, proliferation, and functioning of other immune cells, such as CD4+ and CD8+ T cells, B lymphocytes, NKs and antigen presenting cells. Thus, Tregs are important in recovery from inflammation and in sustaining immune homeostasis but can also be used by CRC and other tumours to avoid immune clearance and facilitate progression (1, 6, 25) . The proportion of the infiltrating effector CD3+ T cells to Tregs has been shown to influence disease-free survival, with a high effector T cell ratio having a more favourable outcome (6) . Several studies reported increased Treg counts in circulating blood, draining lymph nodes, and CRC itself. This has been shown in other malignancies as well (25) . There is evidence that Foxp3 expression, which is a marker of Tregs suppressive capacity, and not just the amount of Tregs is increased in CRC patients. Furthermore, one year after surgery, Foxp3 expression in peripheral Tregs decreases substantially and becomes comparable with healthy controls, thus indicating that CRC could increase suppressive capacity of Tregs (6). Both mice and human studies have documented that several cancers, including CRC, can stimulate Treg proliferation and accumulation in tumour and peripheral blood (25) . Proposed mechanisms by which Tregs suppress anti-tumour immunity are secretion of IFN-γ, TGF-β, IL-10 and direct immune cell inhibition. Based on these findings, immunotherapy directed against tumour-induced Tregs has been studied as a potential way to improve anti-tumour immunity and prognosis in CRC patients (26) . The role of Tregs could be stage-dependent. In the early stages, Tregs aid in suppressing tumour and bacteria-induced pro-inflammatory reactions, whereas in later stages CRC causes a phenotype change in Tregs so that these cells prevent anti-tumour immunity and facilitate cancer growth and spread (25, 27) .
MDSC is a heterogynous group of cells comprised of myeloid progenitors, immature macrophages, immature granulocytes, and DCs. The differentiation of these myeloid cells is interrupted at different stages therefore MDSCs have phenotypical features of granulocytes and monocytes. The amount of MDSCs increases in peripheral blood and TMI in CRC patients, suggesting that cancer preferentially recruits these cells (28) . Research shows that MDSCs have immunosuppressive properties targeted against T-cell immune reactions and innate responses. In addition to immunosuppressive properties, MDSCs promote tumour angiogenesis, invasion, and metastasis (23) . Following activation by IFN-γ, IL-4, IL-10, TGF-β and toll-like receptor ligands, MDSCs inhibit T-cell activation and proliferation, migration to lymph nodes, CD8+ effector T cell migration to the tumour, and NK cell activity. In addition, MDSCs expand Tregs population and stimulate their differentiation in inducible Tregs, which favour tumour growth (29) (Fig. 3) .
Local inflammatory markers in CRC
Numerous publications emphasize the importance of host immune response in CRC. Research has led to conclusion that local inflammation, measured by densities of TILs, is associated with better prognosis in CRC (7). More specifically, T cell populations like T H1 , T C and memory T cells have been shown to associate with better disease-free and OS (30) .
Thus far, tumour staging and prognosis establishment has been based on the American Joint Committee on Cancer (AJCC/UICC) TNM staging system, which also determines which patients receive adjuvant chemotherapy after surgical resection. However, patients in the same TNM stage show different recurrence rates and survival. For example, 20-25% of patients with local disease without lymph node or distant metastasis still develop recurrences (30) . This clearly indicates that TNM system alone is insufficient and additional information is necessary to improve prediction and results (31) .
A tool to measure local inflammation after surgical resection of CRC called immunoscore was developed. To determine the immunoscore, densities of CD3+ T cells, CD8+ T cells, and/or CD45RO+ memory T cells are measured. Two of these populations are examined in the cancer core and invasive margin to determine the immunoscore. The score ranges from 0 to 4. In one cohort study (n = 602), patients with immunoscore 0 had a 5-year recurrence of 72% and only 27.5% survived past five years, whereas patients with a score of 4 had 4.8% recurrence rate and 5-year survival of 86.2% (30) . In a study of 599 patients, immune score proved to be a superior predictor of cancer recurrence than a TNM stage (32) . Based on these and other findings that consolidate this belief, there is a proposal to routinely assess this immune score and incorporate it in everyday practice to improve staging and prognostication. However, there are concerns about standardization and automatization of this method before it can be used in clinical practice (33) .
Systemic inflammation markers in CRC
While intensive local inflammation with high density of TILs is associated with anti-tumour immune response and a better prognosis, systemic inflammation has been associated with pro-tumour immune response with more aggressive behaviour and worse prognosis for patients with several cancers, including CRC (7, 34) . Some of the mechanisms by which systemic inflammation favours cancer growth and spread include increased vascular permeability, increased cancer cell infiltration through blood and lymphatic vessels, increased adhesion to endothelium at metastatic sites (35) . It is, however, unclear if systemic inflammation is the cause of oncogenesis or a desired effect of cancer development (7) .
There are several surrogate markers of systemic inflammation in cancer patients -acutephase proteins (most notably, C-reactive protein (CRP)), circulating immune cells and their ratios, and circulating cytokines (36) .
CRP is secreted by hepatocytes following pro-inflammatory stimulus, especially IL 6, which also decreases albumin production in the liver (35, 36) . CRP is non-specific, therefore increased levels can be noted during such states as infection, tissue trauma and ischemia, chronic inflammation and also cancer (37) . Studies show that elevated pre-diagnostic CRP levels have a dose-dependent relationship with increased risk of subsequent CRC development in men (37, 38) . After disease has already developed, preoperative CRP levels show prognostic properties. Several studies have shown association between elevated preoperative CRP levels and worse cancer-specific survival (CSS) of CRC patients after surgical resection. This association is present in all stages (39) . Higher CRP values are noted in patients who are found to have high-risk adenomas during screening colonoscopies, indicating the role of CRP throughout the polyp-adenoma-carcinoma cycle of CRC (40) .
Because of its role as a marker of systemic inflammatory response, CRP has been used along with albumin to create a simple prognostic score -Glasgow Prognostic Score (GPS). Originally, a score of 2 was given if there was both CRP>10 mg/dL and albumin <35 g/L. A score of 1 and 0 was given if only one or none of the criteria was met, respectively. The GPS was modified (mGPS) after recognition that low albumin does not per se imply reduced survival. Therefore, mGPS is 0 in the case of low albumin and low CRP (35) . There are several studies, including recent meta-analysis, which indicate a clear association between high GPS and mGPS and poor OS and CSS irrespective of TNM stage and tumour differentiation (41) (42) (43) (44) 7) .
Circulating innate and adaptive immune cells have been extensively studied as a potential tool to assess a systemic inflammatory reaction (SIR). Namely, neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), and platelet-to-lymphocyte ratio (PLR) have shown association with OS and CSS in patients with CRC. Important factors in favour of these markers are that they are easily available, cheap, and simple.
There is significant variation among different studies as to the most accurate biomarker and the optimal cut-off value. The majority of publications, including a recent meta-analysis (45) conclude that the most useful and accurate biomarker of SIR is NLR. Regarding 5-year survival rates, a systematic review comprised of more than 10,000 patients showed a 76.6% survival for patients with NLR<5 and only 49.9% for those with NLR>5 (46) . The cut-off value varies significantly in different studies, with majority of them choosing a NLR of 2-5 as a cut-off. In addition to OS, recurrence rates also differ significantly between patients with higher and lower NLR. Importantly, this association was shown also in patients with early (stage I-II) disease, indicating that NLR could be used to predict recurrence and guide therapy in early CRC (47) . Similarly, advanced CRC, among other solid cancers, shows a statistically significant association between higher NLR and worse OS, CSS, and progression-free survival (48) (49) .
Another extensively studied marker of systemic inflammation is PLR. Several publications state an association between elevated PLR and worse prognosis in CRC patients, namely, OS, CSS, disease-free and recurrence-free survival (50) (51) (52) in both localized and metastatic disease. There are several known mechanisms for increased PLR in cancer patients. Hypercoagulation is a known feature of malignancy. As noted earlier, elevation of several cytokines accompanies cancerogenesis, including IL-6, which stimulates platelet production in the bone marrow. Platelets, in return, produce several cytokines and growth factors that favour angiogenesis and tumour growth. Which of the two, thrombocytosis or cancer growth, comes first and which follows is not clear (50, 53) . The other component, lymphocytes, play a fundamental role in the anti-tumour immune response, as discussed in previous sections. Therefore, a low lymphocyte count is a negative prognostic factor for patients with CRC (54) . Based on these mechanisms, it is not surprising that elevated PLR is associated with a more advanced tumour stage, grade, and worse prognostic features. In a study comparing PLR among CRC patients, healthy people, and patients with neoplastic polyps, PLR was significantly elevated in the CRC group compared to the other two (55) . This indicates a potential role of PLR as a tool for early diagnosis of CRC.
Finally, LMR has also been studied as a marker of SIR. Monocytes function as a source of macrophages, which have several pro-tumour properties, like increased angiogenesis, invasion, and metastatic spread of CRC (12, 56) . As noted earlier, reduced lymphocyte count is a negative factor in CRC patients, therefore, low LMR should also imply worse prognosis. This has been shown in two recent meta-analysis (n = 9045 and n = 8626), in which the authors present low LMR to be associated with reduced OS and disease-free survival in localized and metastatic CRC (57, 58) .
CONCLUSIONS
Despite the improvements in CRC treatment, results remain inadequate for large numbers of patients. Inflammation and immune reactions, both anti-tumour and pro-tumour responses, are a fundamental part of CRC and have a significant influence on tumour development, growth, and spread. In addition, gut microbiota might have a role in CRC development due to induction of chronic inflammation.
The anti-tumour immune response, carried out mainly by NKs and CD8 + T lymphocytes, has a beneficial effect and its hallmarks can be used to improve prognostication. Furthermore, efforts are made to find ways to facilitate these reactions and used them as an immune therapy tool.
On the contrary, pro-tumour immune responses mediated by TAMs, regulatory T cells, MDSCs and TMI have been shown to facilitate cancer progression. It is therefore a promising area of research that could result in understanding the way we can shift the balance of anti-and pro-tumour responses in our favour and improve CRC treatment.
Local inflammatory reaction has proved to be beneficial in the case of CRC. Its intensity can be assessed with tools like the immunoscore to improve prognostication in addition to the TNM staging system. In contrast, the systemic inflammatory reaction is associated with a pro-tumour response and a worse prognosis for CRC patients. In addition to such already established SIR scores as mGPS, more recently studied cell ratios like NLR, PLR and LMR have shown good prognostic value. The next step is to elucidate the most accurate marker and determine its cut-off value, so that this promising tool can be used in clinical practice and aid decision making.
